A growth trial was conducted to evaluate the effects of replacing 5 or 15% of soybean meal with raw Guar meal, autoclaved Guar meal or autoclaved Guar meal supplemented the diet with β-mannanase (0.04%) on both growth performance and histological status of Nile tilapia fingerlings. Seven iso-nitrogenous (~32% crude protein) and iso-energetic (~3450 Kcal estimated digestible energy) were formulated. Each diet was randomly allocated to duplicate groups of fish in fiberglass tanks and each tank was stocked with 25 fingerlings (initial average body weight 1.98 ± 0.47g). Fish were hand fed the experimental diets four times per day for 60 days. For histopathological examination samples of small intestine were taken from fish in different groups. There was significant reduction in growth performance when fish fed diets containing raw Guar meal comparing to those fed the control diet (free of Guar meal). Irrespective of treatment, there were no significant differences in term of growth performance between groups of fish fed diets containing Guar meal with either 5% or 15% inclusion level except in term of weight gain.
INTRODUCTION
Aquaculture is the fastest growing animal production sector in the world since 1984. Today, according to the newly released data, world aquaculture production of food fish reached 62.7 million tones in 2011 contributes by about 40.1% of this production (FAO, 2013) .To sustain the high rates of increase of aquaculture production, there should be a matching increase in the levels of production of fish feed.
Feed cost is the largest production cost for commercial aquaculture; it reaches at least 50% of production costs (Hossain et al., 2001) .The most expensive ingredients in fish diets are those used as a protein source. As a result, there is a continuous research for alternative protein sources for aqua feed. This was strongly recommended by the Second International Symposium on Sustainable Aquaculture (1997) in Oslo, Norway (Anonymus, 1998) .
Guar meal, a by-product that results from the extraction of Guar gum from Guar beans. Its protein content with excellent amino acid profile varies between 35-45% depending on the ratio between germ and hull (Nagpal et al., 1971) .
Due to this high protein content, using Guar meal as a partial replace soybean meal in farm animal diets might be a useful strategy for decreasing feed costs.
However, previous studies reported that negative effects of adding Guar meal on body weight and feed conversion ratio may be attributed to the presence of anti-nutritional compounds in Guar meal such as trypsin inhibitor, excusive Guar gum, saponin or some other unknown toxic substances. The presence of about 14-18% residual gum Warnick, 1964 and Nagpal et al., 1971) in Guar meal was proved to be the main source of growth depression in poultry (Hassan et al., 2013) .
Guar gum contain 78% non starch polysaccharide, 90% of this non starch polysaccharide (NSP) is Beta galactomannan (AGRIaccess, 2001) .Due to that, about 60% of Guar meal total sugar and 40% of its protein are bound (AGRIaccess, 2001) .
In addition, the residual gum, due to its sticky nature, increases intestinal viscosity and decreases nutrient absorption from the small intestine (Salih et al., 1991 and Lee et al., 2003) . According to Al-Hafedh and Siddiqui (1998) Guar seed could replace up to 50% fish meal protein without any adverse effects on growth and feed conversion in Nile tilapia (Oreochromis niloticus). Patel and McGinnis (1985) stated that, using from 10 to 15% autoclaved Guar meal in broiler diets has increased growth and feed efficiency compared with birds fed raw Guar meal. Also, they stated that dry heating at 150˚C for 6hr. or water treatment of Guar meal was not effective in stimulating growth and feed efficiency.
Supplementing diets containing Guar meal for mono gastric animals with enzymes especially mannanase reduced digesta viscosity (Zangiabadi and Ehsani and . In the same trend, McNaughton et al. (1998) and Daskiran et al. (2004) stated that supplementing broiler diets containing Guar meal with mannanase helped in improving feed conversion and the growth performance for birds compared with those fed raw Guar meal.
The aim of the study was to evaluate the effects of partially replacement of soybean meal with raw Guar meal, autoclaved Guar meal and autoclaved Guar meal + supplementing the diet with β-mannanase on both productive performance and histological status of Nile tilapia fingerlings.
MATERIALS AND METHODS

Experimental system and fingerlings:
Nile tilapia fingerling (Oreochromis niloticus), mono sex were brought to Fish Experimental Unit of the Regional Lab for Food and Feed, Agriculture Research Center, Ministry of Agriculture, Giza, Egypt from a fresh water commercial farm in Domiat governorate.
The fish were reared in a static water system composed of 14 fiberglass tanks (of 85 L water). The tanks were individually aerated from a main compressor and had individual input and output for dechlorinate tap water. Water temperature was about 24±1ºC. All the experimental treatments were conducted under an artificial photo period equal to natural light/darkness period (12h light: 12hdarkness).
Diet formulation: Guar meal
Guar meal sample of Indian origin was used in this study. The Guar meal was analyzed for Moisture, Crude Protein (CP), Ether Extract (EE), Crude Fibers (CF), ash, Calcium, Phosphorus, Lysine, Methionine and Cystine using standard official methods (AOAC, 2005) . A comparison between the determined chemical compositions of Guar meal with that of soybean is shown in Table 1 .
Guar meal used in this study was divided into two portions. The first portion was used in raw status representing raw Guar meal. The second portion was autoclaved at 102˚C for 15 min. according to what have been recommended by Patel and McGinnis (1985) . After autoclaving the meal was dried.
Seven experimental diets were formulated to contain ~32% crude protein and ~3450 kcal estimated digestible energy according to NRC (1993) ( Table 1 ). The control diet was formulated to contain fish meal and soybean meal as the primary protein sources (diet1). Two experimental diets were formulated to replace 5 and 15% of the soybean meal with raw Guar meal (diets 2 and 3). Another two diets were formulated using autoclaved Guar meal with the previous replacement ratio (diets 4 and 5). The last two diets were formulated as diets 4 and 5 but supplemented with 0.04 % βmannanase (Hemicell-HT) (according to the manufacturer recommended dose) (diets 6 and 7). The proximate analysis, calculated digestible energy, lysine, methionine and cystine of the experimental diets are shown in (Table 2) .
Experimental procedure:
Three hundred and fifty Nile tilapia fingerlings (Oreochromis niloticus) mono sex of mean initial body weight (1.98 ± 0.47g) were randomly distributed on 14 open system 85 liter tanks, where each tank contained 25 fingerlings. Each two tanks (duplicate) represented an experimental treatment. The first 15 days of the experiment were considered as habituation period and thereafter the growth trials were carried out for 60 days. Diets were randomly assigned to the experimental units. Fish were hand fed the experimental diets at three% rate of body weight for six days weekly, four times per day (Jauncey and Ross, 1982 and Coche, 1982) . Fish were weighed every two weeks.
Growth parameters and nutrient utilization:
Growth and nutrient utilization parameters were monitored and analyzed in terms of feed intake which is equal to amount of feed presented for each tank at rate of 3% of body weight across the whole experimental period, final body weight (FBW), weight gain (WG), f Histological examination of intestine:
Samples were taken from the small intestine of fish in different groups and fixed in 10% formalin saline for twenty four hours. Washing was done in tap water then serial dilutions of alcohol (methyl , ethyl and absolute ethyl )were used for dehydration . Specimens were cleared in xylene and embedded in paraffin at 56 degree in hot air oven for twenty four eed conversion ratio (FCR), specific growth rate (SGR) and protein efficiency ratio (PER). hours . Paraffin bees wax tissue blocks were prepared for sectioning at 4 microns thickness. The obtained tissue sections were collected on glass slides, deparaffinized and stained by hematoxylin and eosin stain for routine examination. (Bancroft and Stevens,1996) . 
Economical evaluation
The use of raw Guar meal, autoclaved Guar meal and autoclaved Guar meal supplemented with βmannanase in Tilapia diets have been economically evaluated to measure the impact of such practice on the performance efficiency.
The following equations were used to calculate net revenue, economical efficiency and relative economical efficiency of various experimental diets.
Net The data obtained were subjected to a two way analysis of variance using the linear model (GLM) of SAS (SAS Institute, 1991) . Means were compared using Duncan's new multiple range test (Duncan, 1955) .
RESULTS
The proximate analysis (Table 1) of both of Guar meal and soya bean meal indicated that both of them have nearly the same chemical composition. This gave a preminarly indication that it could be possible to use Guar meal to replace soya bean in tilapia diets.
Initial body weights of fish used in present study (Table 3) were slightly different among the different treatments. However, those differences were not significant (P>0.05).
Replacing dietary soybean by either 5% or 15% raw Guar meal (diets 2 or 3) significantly reduced (P<0.05) growth performance of fish comparing to those fed the diet that contain no Guar meal (diet1). Growth of fish fed on either diet contained 5% raw Guar meal (diet 2) or diet contained 15% raw Guar meal (diet 3) was significantly difference (P<0.05) only in term of weight gain while there was no difference (P>0.05) in the other parameters .
Fish fed on diets contained 5% autoclaved Guar (diet 4) or 15% autoclaved Guar meal (diet 5) had better growth rate than those fed diets contained 15% raw Guar meal. However, this improvement in fish growth did not bring the growth of fish to a growth level similar to that of fish fed on a diet contained no Guar meal (diet 1). Fish fed on diets supplemented by 0.04 % β-mannanase and contained either 5% autoclaved Guar meal (diet 6) or 15% autoclaved Guar meal (diet 7) had growth performance with no significant difference (P>0.05) from those fed the control diet (diet1).
No significant differences (P>0.05) for feed conversion ratio and protein efficiency ratio were observed between fish fed the control diet (diet1) and fish fed a diet contained 5% raw Guar meal (diet 2) . However, FCR significantly increased (P<0.05) and PER significantly decreased when fish fed a diet contained 15% raw Guar meal. Replacing SBM by 5% autoclaved Guar meal (diets 4) and 5% or 15% autoclaved Guar meal supplemented with β-mannanase (diets 6 or 7) resulted in significantly better FCR and PER values compared to those of diets 2, 3 and 5.
Irrespective of inclusion levels, better performance of fish were observed when fish fed on control diet (diet 1) or diets supplemented with βmannanase and contained autoclaved Guar meal followed by those fed autoclaved Guar meal without enzyme supplementation while the worst was for those fed raw Guar meal.
The result obtained from the histopathological study showed that using 5% raw Guar meal (Fig. 2) caused normal appearance of intestinal histopathology while using 15% of raw Guar meal (Fig. 3) caused necrosis of the lining mucosa accompanied with infiltration of inflammatory cells.
The use of 5% autoclaved Guar meal (Fig. 4) caused appearance of goblet cells. Using 15% autoclaved Guar meal fig. 5 prevented necrotic effect on the mucosa in spite of the presence of inflammatory cells. On the other hand diets contained autoclaved Guar meal together with β-mannanase ( Fig.  6 and 7) showed the greatest beneficial effect on the intestinal structure as diffuse goblet cells were noticed at 5% autoclaved Guar meal with βmannanase while increased number of goblet cells in the presence of inflammatory cells infiltration were noticed at 15% autoclaved Guar meal with β-mannanase. WG Weight gain= mean final body weight (g)(W1)-mean initial body weight (g) (W0). 6 FCR Feed conversion ratio (g/g) = feed intake (g) / weight gain (g). 7 PER Protein efficiency ratio (%) = Weight gain (g) / Protein intake (g).
SGR Specific growth rate (%) = 100* [Ln final body weight (W1) -Ln initial body weight (W0)] / number of feeding days.
Table (4) illustrated that the most economical diet was diet1 (control), which gave net revenue 54.5 L.E. followed by diet 7 53.32 L.E. than Diet 6 51.80L.E. The worst net revenue was presented by diet 3 (containing 15% raw Guar meal) 28.74 L.E.
The economical efficiency could be used to compare the differences among the experimental treatments. The priority of the diets goes to the more economical ones.
The results showed that diets containing raw Guar meal diet 2 (5% Guar meal) and diet 3 (15% Guar meal) scored the least feed cost (L.E.) values respectively. While, the highest value (41.50 L.E.) was for the diet free of Guar meal (diet1 control). The best relative economical efficiency (141%) was for the group fed 15% autoclaved Guar meal + enzyme supplementation (diet 7) followed by group fed 15% autoclaved Guar meal diet 5 (135%).
DISUCSSION
Inclusion of raw Guar meal instead of soybean meal, in the present study, deleteriously affects measures of growth and feed efficiency at levels of 5% and 15%. This is supported by the data obtained in (Fig. 3) which demonstrate that using 15% of raw Guar meal caused necrosis of the lining mucosa accompanied with infiltration of inflammatory cells indicating negative effect on the absorption of the nutrients. Mishra et al. (2013) concluded that replacing SBM with Guar korma at the rate of 2% in pre-starter and 5% in starter and finisher diets resulted in poor FCR and inferior performance index score. It is reported that the use of Guar meal in poultry, pig and cattle rations is limited because of its adverse effects on growth rate (Thakur and Pradhan, 1975) and feed intake (Verma and Mcnab, 1982) . The depression of growth after feeling chicks was dose related. In contrast, effective replacement of fish meal protein by Guar seed protein up to the level of 50% is possible in tilapia practical diets without any adverse effects on growth and feed conversion ratio. The growth inhibition that follows the addition of Guar meal in diets may be attributed to the residual gum content of the meal. The residual gum, due to its sticky nature, increases intestinal viscosity and decreases nutrient absorption from the small intestine (Lee etal., 2003) . Increasing viscosity of the intestinal contents alters small intestinal structure and intestinal growth (Lee et al., 2005) . Mishra et al. (2013) also observed an increase in the length of chicken intestine after they fed a raw Guar meal. They concluded that this change may be due to increasing intestinal viscosity.
The improvement in tilapia growth and feed efficiency measures in the present study (Table 3) after feeding fish on diets contained autoclaved Guar meal may be due to the effect of heat on the removal of anti-nutritional compounds. Patel and Mc Ginnis (1985) also showed that using autoclaved Guar meal in chicks diets improved growth performance. The histopathological data showed that autoclaving of Guar meal caused a marked positive effect on the health of the intestinal villi as using 5%autoclaved Guar meal (Fig. 4) caused appearance of goblet cells which function is to protect the intestinal mucosa by its secretion (mucin).
Meanwhile, using 15% autoclaved Guar meal (Fig.5 ) prevents necrotic effect on the mucosa in spite of the presence of inflammatory cells indicating the beneficial effect of such treatment. Kleessen et al. (2003) , reported that non starch polysaccharides interact with protein and glycoprotein's of the epithelial tissue, causing damage to the tissue. Diet2, Diet3, Diet4, Diet5, diet6 and diet 7 was 3900, 3508, 3314, 3508, 3314, 3548 and 3354 L.E. respectively, ** However Kg of tilapia fish was 12 (LE). Supplementing diets contained 5% autoclaved Guar meal diet or 15% autoclaved Guar meal by β-mannanase showed growth and feed efficiency measures comparable to those of the control diets (Table 3 ). This is could be supported by the histopathological data in (Fig. 6 and 7) which showed the greatest beneficial effect on the intestinal structure as diffuse goblet cells were noticed indicating the best quality of the absorbing mucosa which was clear in the results of performance parameters . Using 15% autoclaved Guar meal together with βmannanase caused increased number of goblet cells in the presence of inflammatory cells infiltration. Gharaei et al. (2012) reported that adding β-mannanase to a diet contained raw Guar gum improve growth and FCR of broilers. Also, Lee et al. (2005) observed that adding β-mannanase to broiler diets containing 5% Guar meal significantly improved feed: gain ratio virsus the untreated diets. This may be due to the fact that β-mannanase is capable of hydrolyzing Guar gum, and
